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Electric/magnetic 
response

Electron/hole generation 
and mobility

Electron cloud 
delocalization

Engineering at the NanoscaleEngineering at the Nanoscale

Control of electronic and photonic properties at the 
nanoscale to drive material and device performance
Control of electronic and photonic properties at the 
nanoscale to drive material and device performance

Control 
electronic 

response of 
materials

Metamaterials
χ2 materials

Flexible photovoltaics
Mechanical & electrical 

properties

High efficiency 
NLO materials

Magnetoresistive
materials

Tunneling/spintronics

Charge generation & 
mobility for materials 

on curved FPA

χ3 materials

Mobility of organic 
semiconductors 

for low-cost 
processing



FOR OFFICIAL USE ONLY – Not Cleared for Open Release 4

Military Impact:

Enhanced Performance of 
Phased Array Radar

Protection for DoD personnel 
and sensor systems from laser 
threats

MORPH PROGRAMMORPH PROGRAM

Protect from ultra-short pulsed and broadband tunable lasers

Objectives:

Develop highly non-linear optical  materials for 
applications in RF photonics and sensor protection

Develop high-bandwidth, low drive-voltage EO 
modulators

RF EO Modulator8x1 
Antenna Array

Antenna Integrated 
Modulator for 

Photonic Beamforming

Modulator

Flexible polymer 
modulator
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EO Modulators 
χ(2) Materials and Components

EO Modulators 
χ(2) Materials and Components

New χ(2) Optical Materials are Enabling Revolutionary Electro-Optic ModulatorsNew χ(2) Optical Materials are Enabling Revolutionary Electro-Optic Modulators

Exploit 
exceptional 

polymer r33 for 
better modulator 

performance
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Sensor Protection 
χ(3) Materials and Components

Sensor Protection 
χ(3) Materials and Components

New χ(3) Optical Materials will Enable Sensor Protection SystemsNew χ(3) Optical Materials will Enable Sensor Protection Systems

χ(3) versus Sensor 
Damage Threshold
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MORPH Program Goal

Protection from ultraProtection from ultra--short pulsed short pulsed 
and  broadband tunable lasersand  broadband tunable lasers

HLApol-Zn

30 dBSuppression

>70%

>80%

Transmission
@ 1530-1640 nm

Transmission
@ 700-900 nmProgram 

Goals

femto pico micro-second pulses
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High-Power Lasers
High-efficiency NLO materials

NLO Crystals

Notional NLO 
Crystal Cooling 
Scheme

High-efficiency NLO materials will enable remote explosives detectionHigh-efficiency NLO materials will enable remote explosives detection

Scan for 
explosives 

Identify suspect
areas of remote 

explosives

Confirm presence of 
remote explosive by ID 

technique

Explosives detection at a distance using compact shortExplosives detection at a distance using compact short-- wavelength high wavelength high 
power lasers and orthogonal optical spectroscopy techniquespower lasers and orthogonal optical spectroscopy techniques

Exploit compact highExploit compact high--power lasers at long power lasers at long 
wavelengths and use NLO crystals to wavelengths and use NLO crystals to 
convert to desired wavelengthconvert to desired wavelength

•• Thermal and defect damage resistanceThermal and defect damage resistance

•• HighHigh--efficiency NLO materials for highefficiency NLO materials for high--
fluencefluence applicationsapplications
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Compact Camera
New Materials & Processes

Compact Camera
New Materials & Processes

Exploit process able photo-diodes to manufacture curved focal 
planes for the VIS, NIR and SWIR bands 

Exploit process able photo-diodes to manufacture curved focal 
planes for the VIS, NIR and SWIR bands 

Enabled by 
recent 
results

Large fieldLarge field--ofof--view cameras view cameras 
need multiple lenses to need multiple lenses to 

correct for aberrations due correct for aberrations due 
to a flat focal plane to a flat focal plane 
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Efficient Energy-Harvesting Devices
Flexible Photovoltaics

Efficient Energy-Harvesting Devices
Flexible Photovoltaics

Enabling low-cost, versatile photovoltaics for large-scale power 
generation

Enabling low-cost, versatile photovoltaics for large-scale power 
generation

•• New Organic/New Organic/bioinspiredbioinspired materialsmaterials

CIGS

•• Thin film Thin film inorganicsinorganics (CIGS)(CIGS)

• Low efficiency
• Heavy
• Poor flexibility
• High cost

3rd generation 
technologies  with 
Increased stability 

and efficiency 



Approved for Public Release, Distribution Unlimited

Dr. Devanand Shenoy 10

Novel Materials 
enable MR in 

excess of 400%!

MTJ Devices

Magnetic Sensors
New Magneto-resistive Materials

Magnetic Sensors
New Magneto-resistive Materials

Miniature room-temperature, low-frequency magnetic sensorsMiniature room-temperature, low-frequency magnetic sensors

Current high-
sensitivity 

magnetic sensors 
are bulky

Current

LSMO LSMOPolymer

V

Spin Injection Based Devices

Novel polymer-
based devices
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Ordered organic semiconductors for higher-end 
performance and flexible distributed electronics
Ordered organic semiconductors for higher-end 
performance and flexible distributed electronics

Organic transistors are process able at Organic transistors are process able at 
lowlow--cost but have poor performancecost but have poor performance

Organic TFTs
Organic Semiconductors

Organic TFTs
Organic Semiconductors

Control of the relative arrangement of the molecules in a solid Control of the relative arrangement of the molecules in a solid 
coupled to theoretical semiconductor performancecoupled to theoretical semiconductor performance

Crystal 
engineering
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Superlens
Negative Index Materials

Superlens
Negative Index Materials

Sub-diffraction optical imagingSub-diffraction optical imaging

Diffraction limits the 
performance of current 
optical elements 

mask

Metamaterials for sub-
diffraction limited imaging

Fang et  al, p534, v 308, 2005 (Science)
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